INTRODUCTION
The main objective of this paper is to assess the possible consequences of a staple food price increase on households' welfare in developing countries. We adopt a partial equilibrium approach by simulating food demand response of households to a price shock, thus considering only short-time effects or direct effects on consumers and producers.
The motivation for this paper stems from the recent upward trends in global food prices, concerning overall many staple commodities between 2005 and 2008. 1 Although most food prices had fallen from their peaks, they remained well above 2005 levels. In this context, the major source of concern is clearly related to the possible reduction of consumption levels: households may be forced to reduce both their food consumption, in response to the price surge, and other longer term expenditures, such as education, in order to meet basic needs. However the impact of soaring food prices on welfare is likely to be very diverse, depending upon which commodity prices change and the structure of the economy. Governments may play a big role by setting specific market and trade policies with the aim of protecting domestic market and calming down the internal effects of price fluctuations 2 . This may come at risk of increasing international volatility. Further the overall effect of price increases on poverty depends also on the distribution of net buyers and net sellers of food among low-income households, i.e. it depends on whether the gains to poor net producers offset the adverse effects on poor consumers (Aksoy and IzikDikmelik, 2008) .
In this kind of studies the monetary value of food consumption or total expenditure is generally used as a measure of living standards. Ul-Haq et al. (2008) and Brambila et al. (2009) , for example, estimate an Almost Ideal Demand System (AIDS), which serves as a basis for their simulation exercise respectively for Pakistan and Zambia. Ivanic and Martin (2008) use an expenditure function to characterize household consumption and factor supply behavior and a profit function to represent household production activities in ten low-income countries; this yields an expression for the welfare impacts of small price changes.
In this paper we prefer to use nutritional attainments as a measure of welfare for a couple of reasons: a) from an academic point of view, nutrition is of particular interest as a proximate determinant of human growth, which may have functional consequences for health, labor productivity, cognitive development and personality, which in turn may influence socioeconomic conditions (Steckel, 1995) ; b) from an institutional point of view, eradication of extreme hunger is among the Millennium Development Goals set by the United Nations. Therefore the current commodities price volatility has become an important challenge for governments and international organizations that promote sustainable progress towards food security.
The nutritional analysis we undertake is commonly considered as part of the food security literature, which recently has become very relevant to policy makers. Food security is a multidimensional concept and it cannot be measured by a single indicator 3 . Most of food security indicators measured at household-level are related to diet quantity and/or to diet quality 4 . In this paper we focus on undernourishment which, from our point of view, is the most relevant, and also more easily measurable. We define a household as undernourished if its dietary energy consumption (caloric intake) falls below its minimum dietary energy requirement (MDER). For exposition purposes, in this paper we interchangeably use the concepts of undernourishment and food insecurity, while acknowledging that the latter encompasses the former. Our analysis is similar to the more common poverty analysis present in literature. Both ask similar questions (who are the poor/food insecure, what are the causes and consequences of their poverty/food insecurity), both share the same approach, requiring a measure of welfare to compare households/individuals (expenditure vs. dietary energy consumption) and a threshold by means of which households can be classified (poverty line vs. energy requirement). The only difference regards the way how the caloric threshold is measured. We estimate energy requirements accounting for the household composition in terms of age, sex and presence of pregnant women. This is an added value of the analysis presented here, considering that in many of the previous studies the threshold is the same for all households 5 .
Our contribution to the empirical literature is related to the novel cross-country assessment made possible by using national living standards household surveys.
Instead of focusing on a single country profile, by first estimating a demand system and then performing the simulation, we provide a more complete snapshot, by comparing the evidence over an extended set of countries. In order to accomplish this task and keep consistency, we adopt the same methodological choices to treat the micro data, for instance when dealing with outliers, the accounting of food eaten away from home, dietary thresholds, and the like. Further, instead of using income elasticities from different non-comparable studies we decided to use demand parameters from the cross-country study of Seale et al. (2003) , which provides comparable, "conservative" estimates, while consistent with what is found in the literature. In the case of own-price elasticities, we decided to use national level estimates provided by the same study, while we calculated cross-price elasticities following the technique suggested by Beghin et al. (2003) .
The paper is organized as follows. Section 2 describes the use of household surveys for food security analysis and the main methodological choices taken. In section 3 we discuss our food price simulation approach, while in section 4 we present the food security profile of eight selected countries. We proceed by presenting simulation results and a study of the determinants of food security. Finally we provide some conclusions.
3 "Food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life" (FAO, 1996 World Food Summit) 4 See Smith and Subandoro (2007) for a more detailed illustration of the main food security indicators. 5 The 2100 kilocalories is the commonly used threshold.
METHODOLOGY
The total dietary energy consumed by individuals depends on the quantity of food consumed and its caloric content:
(1) ( , )
Food consumption is usually measured at the household level, so we define j x as the per-capita demand of food item j, j c is the energy content of the edible part of food item j, and E is the total dietary energy intake, measured in kilocalories per capita per day. As the energy conversion factors are fixed, as they depend on the nutritional content of food, the changes in dietary energy consumption are given by the changes in food consumption.
(2) ( , )
Food consumption will change as a result of food price variations, due to both a change in real income, and indirectly by changing nominal household income if the household is a producer of food.
x y x y y dx dp dp p y p 
which shows that as a result of a price change of food item i, the percentage change in each food item j consumed will vary proportionally to the percentage change in the price food item i multiplied by the cross (or own) price demand elasticity ( ji ε ) and the income demand elasticity j η of food item j multiplied by the share in disposable income of the value of the production of the food item i,
The change in total dietary energy consumed, as a result of an increase in the price of food item i will be given by: ∑ p p . Equation (4) presents a key relationship; in it, the economics given by (3) get limited by the nutritional constraints given by (1). For example, for countries with a less diverse diet where the staple accounts for a large share of food consumption, the bulk of the change in dietary energy consumption will be given by the changes in the consumption of the staple foods, which account for a larger share of dietary energy intake. Even if some food items suffer large proportional changes, their impact on dietary energy will be lower than smaller proportional changes in the consumption of the staple.
Many choices have to be made in order to arrive to an empirical estimate of household and individual level dietary energy intake. These choices include: how to deal with outliers, what food composition table to use, how to add the energy equivalent of expenditures on eating away from home, etc. It is beyond the scope of this paper to explain in detail all the steps made in order to get the most comparable estimates of energy consumption. We refer the reader to Smith and Subandoro (2007) that constitutes an excellent handbook on how to use household surveys to obtain food security indicators, Sibrián et al. (2008) , which is our reference manual on how to convert from food quantity to dietary energy intake, and to Anríquez et al. (2008) that describes in detail all the steps that were followed with each one of the surveys considered in this document. We highlight here the main choices.
We include all available consumption information. When the unit descriptor is missing we imputed the mode of the food item by secondary administrative unit (i.e. district or region). Outliers were measured at calories per capita per food group (i.e. cereals, meat, fruits and vegetables, etc.) level, and for each secondary administrative unit. Outliers where defined as those observations whose log values fell outside the bounds of 3 standard deviations above and below the median, and were replaced with the corresponding median (the exponential of the log-transformed median) 6 . Expenditures on food away from home was replaced by their energy content when the food item was known (i.e. tamal or hot dog sandwich); and when only expenditures were reported, these were converted to energy using estimates of kilocalories per value of food consumed in local currency unit (LCU), by household per capita expenditure quintiles. This estimate of kcal/LCU, was the weighted average of the measured kcal/LCU per food group, where the weight was the relative contribution of each food group to total dietary energy. This latter calculation was done by income/expenditure quintiles to reflect the differences in the diets of the different income groups.
The next important decision made to measure undernourishment was to agree on the relevant dietary energy threshold. This is very much a controversial choice. The main variables that will change the energy requirements are the level of physical activity that defines that requirement, and the physical constitution of the population, as a given threshold for a given activity level is adequate for a variety of body sizes, and inadequate for others. We followed FAO's current official methodology for calculating minimum dietary energy requirements (MDER), with the exception that we applied household level thresholds. This means that we use the age/sex-specific energy requirements as suggested by FAO (2004) 7 , assuming, for adults, light physical activity level (equivalent to 1.55xBMR, basal metabolic rate), and assuming that the reference body type is given by the 5 th percentile of the national body mass index (BMI) distribution 8 . This provides the lowest threshold among those used in the literature, and the counter argument that this threshold is not consistent with good health for much of the population is valid; i.e. those who have higher physical demands, or are larger than the 5 th percentile of the BMI distribution, etc. However, it is better to be prudent, and we follow the standard statistical axiom of minimizing type I error, which in this case would be to identify as undernourished someone that is not. This becomes more relevant after considering the types of bias likely to enlarge type I error: under-reporting of consumption, which usually pervades consumption surveys; intra-household distribution may not be determined by needs, it is perfectly rational in conditions of stress to have unequal distributions whereby the growing child or the bread-earner gets a larger share of the available food as a household strategy.
There are additional problems with the reference dietary energy threshold usually not discussed in the literature. Weather is ignored in these calculations, but clearly the energy needs in very cold weather are different from those of a country that only has a tropical climate. Furthermore, the inclusion of the relevant national BMI distribution improves the calculations, but these ignore the fact that populations are smaller (in terms of weight to height ratio) when undernourishment is wide-spread, which causes an under-estimation of the true population needs for countries with high food insecurity.
Surveys and Countries Considered
In this study we estimate the effects of rising food prices using household surveys from 8 different countries selected from the international household survey database known as RIGA 9 . This sample of 8 countries, namely: Bangladesh, Guatemala, Nepal, Cambodia, Tajikistan, Vietnam, Kenya, and Malawi was not randomly selected, but carefully designed to represent the different developing regions, capture differences in the main tradable staple food, and its relative importance on diets, and differences in levels of development. The consumption modules from the household surveys used for the most part comply with what is current best practice in food consumption modules compatible with food security analysis. As Table 1 shows, all the surveys comply with what is perhaps the most important characteristic which is that they must include all the sources of food, that coming purchases, from own-production, that received in the form of a gift or a payment, and the food eaten away from home. 7 These are the latest recommendations by an international panel of experts gathered by FAO, WHO, and others to define energy requirements, and should be considered the international standard. 8 Complete details on the calculations of the household level MDERs are available in Anríquez et al. (2008) 9 See http://www.fao.org/es/esa/riga for further information.
The design of a useful (for nutrition analysis) food consumption survey is not a science because the designer has to compete with conflicting sources of bias 10 . If the recall period is too short you run into problems of "telescoping" or attributing to the recall period recent consumption, if the recall period is too large there will be an increase in the recall error, which is why 1 or 2 weeks is standard practice for surveys that measure consumption. The optimal amount of food items to include depends on the diversity of the diets, however if too few items are included, the survey will miss consumption, if too many are included, the interviewer and interviewee will run into "diary exhaustion" and increase reporting errors. In our sample of surveys, Tajikistan is in the lower limit of what is usually considered the minimum necessary for nutrition analysis, while Cambodia is perhaps above what is normally recommended. Surveys that measure consumption are usually preferred over those that measure acquisition (purchases), because actual consumption can occur without acquisitions in the reference period, and not all the acquisitions are consumed during the reference period. This lead to acquisition surveys having higher variance of measured dietary energy intake, but nonetheless they produce remarkably close estimates of mean dietary energy intake and expenditures (Smith et al., 2006) . It is generally recommended to use long reference period when measuring acquisition, both to reduce the difference between acquisition and actual consumption, as explained above, and to capture less frequently purchased items (Ohri-Vachaspati et al., 1998) . The two surveys in our sample that use acquisition use 1 year as the reference period.
SIMULATION APPROACH

Choice of Food Demand Elasticities
As can be seen from (3) and (4), price and income elasticities play a central role in the outcome of the simulations. Of similar importance are, of course, the population and dietary characteristics contained in the household surveys, like distribution of dietary energy consumption, food consumption, demographic characteristics, etc. However, as elasticities are treated as exogenous in our analysis they need to be carefully selected.
Income elasticities obtained from food expenditure / acquisition surveys over-estimate true income elasticities 11 . Wealthier households tend to make larger purchases than what they actually consume, because the wealthy transfer some of their purchased food to lower income groups; buy food that is given to guests and pets; can afford to buy in bulk and usually do; and in all likelihood have a higher level of food wastage. The over-estimation can be large, Bouis (1994) showed that the food income elasticities obtained from food expenditure surveys are usually inconsistent with observed nutritional outcomes. It is also known, from early estimations of Engel functions that income elasticities obtained from time-series data is much lower than that observed in cross sections (Tobin, 1950; van Driel et al., 1997) .
In his survey of 15 studies that described food demand elasticities across income groups, Alderman (1986) concluded that "it is widely, if not universally, acknowledged that income elasticities for food items decline with income." The voluminous work that has followed this study has not contradicted this hypothesis. The fact that food income elasticities fall with income is not the same as the well accepted Engel's law, but it is related. We expect these elasticities to be higher for lower income groups, because their consumption base is lower. Furthermore, this observation is also consistent with the stylized fact that the poor, who consume proportionally more food, devote a larger share of any additional income to buying food items.
The relation between price elasticities and income is less clear. We can start from the well-known Slutsky decomposition:
which shows that the marshallian price elasticity ( ii ε ) is equal to the compensated or hicksian (constant real income) elasticity ( ii h ) minus, the share of the good in consumption ( i α ) times the income elasticity ( i η ) of the good. From Engel's law we know that for food overall α falls with income, and for most food items/income groups this is true also. Further, let's accept the above hypothesis relative to income elasticity and wealth, to conclude that if the compensated elasticities were constant, then marshallian elasticities should fall with income 12 . However, compensated elasticities are not constant. Timmer (1981) started a lively debate in the literature by showing that in general food demand compensated elasticities fall with income, and most of the following studies have corroborated this outcome. Thus, if both compensated and income elasticities decline with income, then marshallian elasticities would also decline with income as (5) implies 13 .
However, the fact both marshallian and compensated elasticities fall with income is not a universal result. It is not uncommon to find that the poorest have lower ownprice elasticities (marshallian and compensated) than middle-income groups 14 . If one observes own-price elasticities across countries of different income levels, one will discover that they clearly fall with income: Alderman (1986) does this exercise, or one can examine the cross-country elasticities of the Seale et al. (2003) study to confirm that this is the case. Further, most food price demand elasticities fall with income, but in many cases the price elasticity of the staple food in poor countries has an inverted-U shape relation with income (rice in Thailand and coarse grains in Philippines (Alderman, 1986) , maize in Malawi (Zanias and Gunjal, 2008) , for example). This behavior should not come as a surprise; the price elasticity is an implicit indicator of availability of substitutes. Households that are unable to satiate their energy needs would rationally react to increases in the price of the staple by 12 We are talking about price elasticities in absolute values, as is standard practice. 13 The fact that most demand studies do not consider quality of the goods may lead to under estimation of price elasticities of the wealthier. Prices in cross section studies are usually obtained from unit values (expenditures divided by quantity), but as wealthier households consume goods of higher quality their effective price is over-estimated, which would lead to the appearance of the wealthier as having more inelastic demand. 14 Alderman (1986) provides a couple of examples of this behavior, Zanias and Gunjal (2008) provide a more recent example.
cutting the expenditure of more expensive energy sources, to mitigate the drop in consumption of the staple which is still the cheapest source of energy, as they do not have alternatives/substitutes. Bouis (1996) argues that the inverted-U shape is consistent with food demand being characterized as demand for characteristics (i.e. energy, variety, taste, etc.). There may be other competing explanations for the inverted-U relation found in some food demand studies, standard microeconomic theory does not provide predictions regarding this relation; but in more wealthy countries it is very improbable to find evidence contradicting the negative relation between food own-price elasticities and income.
Hence in choosing the food demand elasticities we take into account what we know about consumer behavior particularly of poor households, which are those that obviously are more vulnerable to undernourishment and sensible to the choice of elasticities in our simulations. Instead of using elasticities from different noncomparable studies we decided to use demand parameters from the cross-country study of Seale et al. (2003) . In the case of income elasticities, this cross-country study does not suffer from over-estimation discussed above 15 . We account for the different income elasticities of different income groups by using predicted income elasticities. The equation used to predict income elasticities is given by the regression:
which was run with 111 available country (j) observations, and for all 8 food groups (i). The eight food groups considered in the Seale et al. (2003) and in this study are: 1. cereals (Including roots, tubers, and pulses); 2. meat; 3. fish; 4. dairy; 5. oils and fats; 6. fruits and vegetables; 7. other food; and 8. beverages and tobacco. The coefficients described above represent the cereal income elasticities equation which has a fit of 91% (fits ranged between 84 an 92% for the eight food groups). We predicted income elasticities by income deciles in each country considered, and we use annualized means of per capita expenditures by decile, converted to international PPP currency, as the predictor. This exercise gave us income elasticities that lie well within what has been found in the literature. For example in the case of cereal demand income elasticities, these varied from 1.065 in the poorest decile of Tajikistan to 0.333 in the wealthiest decile of Guatemala (see Table 2 ).
In the case of price elasticities, we decided to use national level estimates provided by the same study. In the case of price elasticities we know that within our sample, in Malawi 16 , and we assume that in Kenya too, the own-price elasticity of the poorest is not negatively correlated with income, so we can not just assume that a relation like that used for income elasticities exists. The use of the parameters from one crosscountry study, in addition of providing comparable estimates done with one consistent methodology has the benefit of using national level data, and therefore providing more modest estimates of price elasticities 17 , which will aid us in not over-estimating the effects of food price increases on undernourishment.
Cross-Price Elasticities
As equation (4) suggests, substitution in food consumption can play an important role in mitigating the drop in dietary energy caused by the price hike of a given good, particularly when diets are diversified and substitutes are readily available. In the absence of a complete substitution matrix, we proceed to estimate a substitution matrix consistent with the available information: food consumption patterns, and own-price and income elasticities.
We calculate cross-price elasticities following the technique suggested by Beghin et al. (2003) . The proposed methodology imposes diagonal dominance, to calculate the off-diagonal elements of the Slutsky substitution matrix. The assumption of quasiconcavity of preferences translates into positive semi-definite and symmetric Slutsky matrix. The diagonal dominance means that the absolute value of each diagonal term must be at least as large as the absolute value of the sum of all off diagonal elements of the row/column (which are the same given symmetry). Beghin et al. (2003) further assume that preferences can be expressed with a LINQUAD incomplete (in that it only describes food and not total consumption) expenditure system. The conditions imposed by diagonal dominance exactly identify the set of unknown parameters of a LINQUAD expenditure system, provided that the diagonal elements are known 18 . Thus, what the proposed approach does is to jointly scale the absolute value of all cross-price effects until the concavity (of the expenditure function) sufficient condition is met. Table 3 shows the numbers used to calculate cross-price elasticities in Malawi as an example. Elasticities need to be converted into marginal effects with information about prices and quantities. We use an updated version of the same data that Seale et al. (2003) Bank (2008) , whose disaggregated data was generously facilitated to this study by the World Bank. In the first three columns we show yearly expenditures per capita in international dollars for the food groups used in the Seale et al. (2003) and this study; the corresponding total budget shares (out of total household expenditure), and the implicit prices 19 . The diagonal elements of the Slutsky matrix can be constructed with the own-price and income elasticities, shown in the next two columns, borrowed from the above mentioned study. With the information shown in the first five columns we proceed to calculate the full substitution matrix, and marshallian cross-price elasticity matrix following the Beghin et al. (2003) diagonal dominance methodology (using the DNLP solver of the GAMS software). The last two columns of Table 3 show the column out of the substitution matrices which is important for this study, the cross price elasticities with respect to cereals 20 . The table shows that all Hicksian cross-price effects are positive as theory imposes, but all marshallian elasticities are negative. This means that negative income effects dominate, and reverse the pure substitution effects, given the large share of cereals in total consumption. The fact that cross-price Marshallian elasticities are negative is also consistent with what has been found in the literature 21 , and actually should be expected for poor countries where cereal demand amounts to a large share of total household consumption. For our analysis, this means that facing price increases households actually cut the consumption of other foods in order to dampen the fall in their consumption of the staple, which is usually the cheaper source of dietary energy.
FOOD SECURITY PROFILES
This study identifies as undernourished those individual whose dietary energy consumption falls below the minimum dietary energy requirements (MDER). We also define as weakly nourished those individuals whose dietary energy consumption falls below the average dietary energy requirements (ADER) and above the MDER. The difference between the two dietary energy requirements is that, in the case of adults, the first is calculated for the individual in the 5 th percentile of the national BMI distribution under light physical activity level (1.55xBMR), while the second is calculated for the median individual (50 th percentile) in the national BMI distribution assuming moderate physical activity level (1.85xBMR). This study takes a conservative approach in measuring undernourishment by using MDER as the relevant threshold − when others suggest that the ADER should be used as relevant food security limit 22 − but acknowledge that the population whose consumption lies between requirements is at an exposed situation, vulnerable to food price, income or other types of shocks, hence we accordingly treat them as a separate group from those who are unambiguously food secure.
An inspection of Table 4, shows that both poverty and undernourishment are negatively correlated with national income, but this correlation is not strong. Further undernourishment and poverty are correlated; however, this correlation is also not very marked. It is important to highlight that the poverty figures presented in the table, like most poverty numbers, are based on per capita consumption/income, without using age equivalence scales. This is an important difference with undernourishment, which is based on energy requirements that vary by age and gender, and therefore are implicitly constructed using equivalence scales (in this case energy requirement equivalence). Thus countries with a high proportion of children like Guatemala and Malawi (reflected in the lower mean national dietary thresholds in the table), show large differences between undernourishment and poverty that can be partially explained by the lack of use of equivalence scales in the poverty measures. In the case of Bangladesh the large difference between poverty and measured undernourishment is partly explained by the fact that this country used the diary method to capture food consumption, which likely suffers less from under-reporting; 20 Complete substitution matrices for all countries included in this study are available upon request from the authors. 21 Cf. Zanias and Gunjal (2008) who estimated a food demand system also for Malawi, or Talukder (1990) for Bangladesh among others. 22 For example WHO/FAO (2002) suggests using the median BMI, which is consistent with ADER and not MDER. and also the cumulative distribution of consumption of calories is extremely steep at low values, as reflected by the highest share of weakly nourished in our sample of countries.
In most countries rural undernourishment is higher than urban undernourishment, as Figure 1 shows. The exception is Bangladesh, which in spite of having higher rural poverty (53% versus 37%) has lower rural undernourishment as access to food is better in rural areas. This observation highlights that poverty and food security are not the same things, and therefore do not necessarily share the same main determinants. The figure also shows that those weakly nourished form an even larger group than the undernourished in three Asian countries over four with the exception of Cambodia. Figure 2 shows that undernourishment is, as expected, negatively correlated with per capita expenditure levels. The prevalence of weakly nourished, however, has a less marked negative correlation with welfare. Although cross-country comparisons can not be directly made, mainly because differences in the survey instrument design make measurements not fully comparable, it is remarkable how close our estimates are for the poorest quintile; in all countries roughly 4 out of every 5 individuals among the poorest 20% are either undernourished or weakly nourished. The differences between undernourishment alone are as expected much larger across countries. Also, the rate at which undernourishment falls across quintiles varies markedly across countries.
RESULTS
Figures 3 and 4 provide a graphical display of the effect on measured undernourishment of a 10% increase in the price of the main staple (left scale) by expenditure quintiles, together with the observed share of the staple on overall energy consumption (right scale). While Figure 3 presents the increase in undernourishment in percentage points, Figure 4 presents the percentage increase in the share of undernourished. In the latter case, it is not surprising to see that these percentage changes are lower for the poorer quintiles, because among the poor, undernourishment is already high, so all increase as a percentage of observed undernourishment appear as proportionally lower. Figure 3 shows that only in Bangladesh, Cambodia and to a lesser extent in Vietnam the increase in undernourishment is negatively correlated with welfare levels. The increase in observed undernourishment is chiefly driven by three factors, of which only one has a definite correlation with welfare levels. First, reliance on the staple and dietary patterns in general determine the impact of the food price increase, these dietary patterns, in particular the dependence of diets on the main staple, are clearly negatively correlated with welfare levels (as shown in the figures). On the other hand, staple farm income, which helps to cushion the negative real income effects of food inflation, or even completely countervail these effects, is distributed in ways that vary across countries and is not necessarily correlated with income levels. Finally, the concentration of household and individuals around the dietary threshold, or equivalently the size of the average dietary energy surplus of individuals determines how sensitive these groups are to changes in food prices. Again, this surplus is likely to be higher for the wealthiest deciles, but this correlation does not necessarily exist in the poorer and middle income deciles.
In Table 5 the results of the simulation are further disaggregated by welfare quintiles and urban/rural areas. This differentiation is important because most food production is done in rural areas, and therefore we expect important differences in terms of the positive income effects of staple price hikes. We find that the largest increases in undernourishment occur in the middle or lowest quintiles of either rural or urban areas. This result contrasts starkly with what was found by Zezza et al. (2008) , who simulated the effects of food price increase on welfare and found consistently in 11 countries that it is the poorest urban consumers who were most negatively affected. In terms of the more afflicted area, there is no clear trend in half of the countries considered the increase in undernourishment was higher in rural areas. Also, in some countries (Guatemala, Kenya, and Malawi) in urban areas, the poorest quintiles suffer an increase in undernourishment which is lower than the quintile (or quintiles in Malawi) above, which most likely is an indicator of increased importance of urban agriculture in these countries.
Decomposing Mean and Distribution Effects
We decompose the estimated increase in undernourishment into two different components; that which can be explained by a change in the mean kcal per capita consumption ([negative] growth component), and that which can be explained by changes in the distribution of dietary energy consumption following Datt and Ravallion (1992) . This decomposition of the change in undernourishment between t 0 and t 1 can be described with the following equation:
The change in undernourishment, using r as reference year (could be t 0 , or t 1 ) can be separated into three parts. First, the growth component:
which represents the change in undernourishment that is attributable to a change in mean dietary energy consumption (from 
which represents the change in undernourishment that can be attributed to changes in the distribution, holding average food energy consumption constant. Finally, there is a residual 0 1 ( , ; ) R t t r , which represents that part of the undernourishment change which can not be explained by the growth and distribution effect. If the components are calculated for initial and final periods (t 0 , or t 1 ) as reference years and then taking averages, the residual disappears, which is what we do in Table 6 .
The first result that strikes from the table is that at the national level, with the exception of Guatemala that display negligible effects, the distributional effects of staple food price increases augment the effect on undernourishment. This result is probably driven by the fact that staple consumption as a share of total energy is negatively correlated with welfare and total dietary energy consumption, as shown above. This observation has important implications into the way the effects of food price spikes are modeled; it is not enough to assume that average consumption falls, unfortunately, the analyst needs to account for a further deterioration on nutritional status due to a deterioration in the distribution. The results of the simulations are mostly consistent with what has been found in the poverty literature (see Datt and Ravallion (1992) ; Contreras (2003) , for example), which is that the distribution component explains a minor part of the changes in poverty. With the exception of Malawi, this result is mostly confirmed. However, there are important differences between urban and rural populations. In some surveys we find that the share of the growth component is larger in urban areas, while in others the opposite result. Also, at the sub national levels we find that there can be positive distributional impacts (urban Tajikistan, and rural Guatemala).
The Determinants of the Impact on Dietary Energy Consumption
To uncover which types of households are most affected by staple price hikes, we estimate a reduced form equation that explains the proportional change in per-capita calories induced by the price change:
(HH demographics , HH Assets , welfare , regional characteristics )
This equation should be interpreted as a multivariate correlation, not necessarily implying causation, because in many cases the causation arrow goes both ways; for example better educated people are better fed, and because they are better fed they achieve better education. The demographic characteristics included are age of the household head, in both linear and quadratic form to allow for life-cycle hypothesis considerations; the dependency ratio separated by children and elderly (a partition justified by their very different energy requirements); the number of household members, and a dummy identifying households headed by females. We included among the assets of the households, agricultural and non agricultural assets. Among the first, we include operated land, livestock holdings, and an index of agricultural assets like machinery tools, etc. measured by principal components. With respect to non-agricultural assets, we include human capital identified by the average education of adults in the household, a measure of infrastructure / access to public goods and markets which is a principal components index of several indicators of proximity to services like, distance to school and/or hospitals, trash collection services, etc. We use as the welfare indicator, per capita expenditures, which is a questionable choice given endogeneity; that is guaranteed given that expenditures are calculated using the same food consumption we use to calculate energy intake. We therefore use predicted per capita expenditures were we use different household characteristics as instruments, but also one main instrument which is an indicator of household wealth (an index of all durables owned by the household like cars, motorcycles, refrigerators, etc.). With these predicted per capita measure we are capturing the longer-term per-capita levels as implied by their wealth (and the host of other household and regional characteristics) and not the current levels which are more affected by transient shocks.
Finally, we use district/region level dummies to control for unobservable regional characteristics; and used country specific household controls, like religion and use of indigenous language at home, but as they are country-specific we do not refer to them.
The main results of these estimations are presented in Table 7 in the form of partial elasticities. The estimations were done for national, urban, and rural samples separately, for a total of 24 different regressions. The separation of samples by area is justified by the nature of the exercise carried out, where staple income is almost negligible in urban areas, and it can be of large importance in rural areas. The fit of these equations is not particularly high, with the R 2 ranging from 10 to 30%. Hypothesis testing was done with an adjusted covariance matrix, using White's heteroscedasticity consistent covariance matrix, clustered by each survey's primary sampling units. Below we discuss the salient results of a cross-country comparison of the main elasticities.
The age of head is sometimes positively correlated with the response to higher food prices of dietary energy consumption, and sometimes negatively. Given the quadratic fit, and life cycle considerations, we find this result plausible, as in older populations like the Tajikistani, age is negatively correlated with the change in consumption, while in younger populations like that of Malawi, the opposite is found (summary statistics of the main regressor is available in Appendix II). To our surprise, household size is not always negatively correlated with the response in caloric consumption. Most poverty studies find a positive correlation between household size and poverty, thus we expected a strong negative correlation between the change in energy consumption and household size; however in Tajikistan and rural Kenya, we observe a strong positive relation. Similarly surprising is the finding that the share of dependents (children and elder) are in most cases positively correlated with the proportional change in dietary energy consumption. Notable exceptions to this general result are the share of children in rural Tajikistan, and the share of elder again in Tajikistan and Vietnam. In general the gender of the head is not statistically correlated with the change in caloric consumption. However, the two countries where we observe a negative correlation, Guatemala and Vietnam, the national level results are driven by a stronger negative correlation in the rural samples. This suggests that female headship acts negatively in these countries' households by significant differences in the access to staple (and farm in general) income.
Assets, and access to assets obviously play an important role in determining the vulnerability of households to food price spikes. A first glance of Table 7 suggests that different assets have varying importance across countries and urban / rural landscapes. Human capital, measured in our analysis by the average education of adults is a key asset, not always significant, but if significant always positive. In some countries, namely Cambodia, Tajikistan and Vietnam education plays a larger positive role in rural areas, while the opposite happens in Bangladesh, Kenya, Malawi and Nepal. The ownership of livestock has varying effects on the vulnerability of households to food price spikes. This is explained by the fact that in some countries livestock herding is correlated with poverty (Malawi, Cambodia), while in other countries (Bangladesh, Guatemala) such correlation is not present. Welfare plays a very peculiar role in these dietary energy consumption change equations, with distinct urban/rural differences. In urban areas, where staple income does not play a large role, welfare is across the board positive reflecting the negative correlation (see Figure 1) between income and the share of the staple in dietary energy consumption. In rural areas on the other hand, where staple income may be important we observe that welfare is positively correlated with the caloric consumption change in Kenya, but negatively in Cambodia and Vietnam.
Finally, we refer to agricultural land, measured in this study as operated agricultural land. Perhaps, among the most important findings of this study we discover a very large role of agricultural land even at the national samples. In seven out of the eight national samples we discover that access to agricultural land has a positive effect on the impact of food price spikes on nutritional intake, and in five of these the relation was statistically significant. This means that access to land does not only play a large role in assuring food security in rural areas (where the elasticities are obviously larger), but it plays a role even in national food security in these developing countries. Table 7 also highlights the great heterogeneity that exists across countries, which reinforces the need for country specific studies. The simulations presented in this document uncover food vulnerability that can and should be mapped, as well as studied more in-depth considering country-specific conditions.
Determinants of the Probability of Being Undernourished and Weakly Nourished.
To identify the main determinants of the probability of being undernourished, weakly nourished, or food secure, we fit an ordered logit model. Like its relative the binomial probit and logit models, the ordered logit assumes that there exists a latent variable that is distributed logistic (or standard normal in the case of ordered probit), with relevant thresholds that determine the discrete response observed (i.e. undernourished, weakly nourished, or food secure status). As opposed to the multinomial logit, the ordered logit model assumes that the discrete outcomes follow a qualitative order; in our case nutritional status follows a clear qualitative ordering, and we assign the discrete values of 0, 1, and 2 to being undernourished, weakly nourished, and food secure respectively. Formally the ordered logit assumes that the probability of being in each category is given by: 
Pr ( 0) 
where the threshold parameters 1 μ and 2 μ , are estimated in the model. This ordered logit model was estimated for all 8 countries, and again for the three samples, national, urban, and rural, using the same dependent variables (vector x above) used while exploring the proportional change in dietary energy consumption. Table 8 summarizes the main results of these estimations. Instead of presenting the marginal effects, which were evaluated at group means, we summarize the results in terms of accounting the amount of marginal effects by sign, and statistical significance. We do not include the results for the probability of being food secure, because by definition, in our three options ordered logit model, they are the exact mirror (with different levels though), of the probability of being undernourished. For example, household size is in all (national) cases positively and significantly correlated with the probability of being undernourished, this means by definition, that household size is in all cases negatively and significantly correlated with the probability of being food secure.
The first result that jumps out of the table, is that for the most part the determinants of being undernourished, and being weakly nourished are the same, with almost all variables having equivalent signs and significance level (obviously the magnitude of the marginal effects differ). Thus, the data suggests that in most countries, with the minor exceptions in Bangladesh, Malawi, and Tajikistan, both groups have similar determinants. We find that household demographics have very defined correlations with the probability if being undernourished and weakly nourished. Households with older heads are more likely to be undernourished, while household size, like in most poverty probits, is found to be positively correlated with undernourishment. Surprisingly we find that the share of dependents is negatively correlated with undernourishment. In the case of children this can be explained by their lower energy requirements. Gender of the head of household is sometimes a determinant of undernourishment, but on others a determinant of being weakly nourished, as suggested by the summary statistics (see Appendix II).
All assets, with the exception of education are strongly negatively correlated with undernourishment. If we look at the regressions by area, we observe that human capital does play a role in diminishing the probability of being undernourished, but in urban areas. Education is less of a key asset to explain the reduction of the probability in rural areas, where other assets like infrastructure and agricultural assets play a larger role. Again, we are surprised at the large role that agriculture has in diminishing the probability of undernourishment even at national levels: in 7 of the 8 countries considered (and significantly in 5), access to agricultural land diminishes the probability of being undernourished; and in all countries (significantly in seven) access to agricultural land diminishes the probability of being weakly nourished.
CONCLUSIONS
Global estimates suggest that there are about 1 billion people undernourished in the world, a sobering number which has seen a sharp increase in the last years FAO (2009). One of the main reasons for this increase has been the sharp increase observed in food prices in the period 2005-08. Although most of food prices had fallen in 2009, many experts believe that priced will stabilize at higher real levels (see for example OECD-FAO (2009)). Under this outlook for food prices, it is sensible to implement social protection policies that tackle nutritional aspects, a good understanding of the determinants of the determinants of undernourishment and the target groups of these policies is necessary.
In this paper we have assessed the possible consequences of staple food price increases on households' welfare in eight developing countries. We have undertaken a nutritional analysis by first estimating energy requirements that account for the household composition, instead of using a fixed threshold for all households as it is often done in the literature. Then for our simulation approach we used demand parameters from the cross-country study of Seale et al. (2003) , which provided also national level estimates of own-price elasticities. While we estimated cross-price elasticities following the technique suggested by Beghin et al. (2003) .
The novel methodology adopted in this study can provide a policy relevant microlevel instrument for food security analysts and policymakers in developing countries.
The results evidence the fact that an increase in staple food-prices does not have an equivalent impact on consumption across households. Saying that the poorest are the most affected may not always be true. At the same time, though, the results highlight that the poor urban/non-farm households with a high share of food expenditures are the most vulnerable. The land-tenure-based policies and investments for increasing agricultural productivity have a crucial role for reducing household food insecurity in the developing countries considered in this study. In fact, among the most important findings of this study we discovered access to land, here measured as operated agricultural land, plays a big role in assuring adequate nutritional attainments in both urban and rural areas. Moreover, a bigger production will have a calming effect for food prices in domestic markets. Access to infrastructure and partially livestock holding are also important determinants of the vulnerability of households to food price spikes. While surprisingly the share of dependents (children and elder) does not affect significantly proportional changes in dietary energy consumption.
Finally the heterogeneity in the results presented in this cross-country approach shows clearly that the country-specific socio-economic, geographic, and institutional factors have to be considered before providing locally relevant policy conclusions. Notes: Cereal own-price elasticity for Cambodia and Guatemala is missing in Seale et al. (2003) . We deemed respectively Vietnam and Paraguay as surrogates for these countries. Notes: Values significant at the *** 1%, ** 5%, and * 10% level. 1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th  1st  2nd  3rd  4th  5th Note: National quintiles based on weighted per capita expenditure Undernourished Weakly Nourished Headings Nominal Expenditures, Official Exchange Rates and Population. Therefore, deciding how to incorporate the price data into the demand system is not trivial for a series of reasons. First, prices denominated in national currencies cannot be used in a cross-country assessment since they represent different units of measurement, i.e. one
Euro is different from one USD. Second, the use of the official exchange rates to convert the data into a single currency would not be a good solution since we need to account for the fact that goods and services are cheaper in the less developed countries. Finally, in order to estimate elasticities in the demand system the data need to be aggregated at the level of each food expenditure group. This aggregation can be done only if the additivity condition in the data holds. This means that the total group expenditure equals the sum of the individual food items composing that group. The use of the purchasing power parity data solves the first two problems regarding the units of measure but it may not maintain satisfy the additivity condition during the aggregation.
In this study, we use the Geary-Khamis procedure, which is the same used in the where: E cji represents the per capita expenditure in national currency of country c for the food item i which is part of the food group j; V cji is the per capita expenditure in USD; and, π cji is the purchasing power parity. Notes: Test of the difference of the mean between food secure group and other: ---Negative at 1%, --Negative at 5%, -Negative at 10%, +++ Positive at 1%, ++ Positive at 5%, + Positive at 10%. Predicted expenditures per capita in Local Currency Unit.
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